The densities for {x1CO2+x2CH4+(1−x1−x2)N2} were measured at the pressures (19.94, 39.94, 59.93, 99.93) MPa and temperatures (323.15, 373.15, 473.15, 573.15 Comparisons with experimental results indicate that these methods are reasonably accurate for estimating the volumetric properties of ternary gas mixtures. 7
been concentrated on the properties of the pure gas species. Recently, however, investigators have obtained experimental results for {(1−x)CO 2 +xCH 4 }, (1) (2) (3) (4) (5) (6) (7) {(1−x)CO 2 +xN 2 }, (4, 5, (8) (9) (10) (11) (12) (13) (14) and {(1−x)CH 4 +xN 2 }. (15) (16) (17) (18) (19) (20) These studies form a foundation for investigations of {x 1 CO 2 +x 2 CH 4 +(1−x 1 −x 2 )N 2 }. The present study was undertaken to measure the volumetric properties of ternary mixtures in (carbon dioxide+methane+nitrogen) at the pressures (19.94, 39.94, 59 .93, 99.93) MPa and temperatures (323.15, 373.15, 473.15, 573.15) K. We are unaware of any previous studies of {x 1 CO 2 +x 2 CH 4 +(1−x 1 −x 2 )N 2 } over a broad range of (p,T,x) conditions.
Experimental
A custom-designed vibrating-tube densimeter was used to measure the densities of the pure fluids and fluid mixtures at 10E(p/MPa)E100 and 323E(T/K)E573. The experimental apparatus and techniques are described elsewhere. (7, 21) Measurements on pure fluids were obtained under isobaric, isothermal no-flow conditions. For fluid mixtures, an isobaric, isothermal flow-through method was employed to obtain a statistically significant number of measurements (n=100 to n=400) for the period of vibration t at each (p,T,x) condition. This procedure eliminated the effects of random noise caused by slight compositional heterogeneity (x 0.5·10 −2 ) in the mixtures as they flowed through the vibrating tube. High-accuracy (20.05 per cent) positive-displacement pumps were used to meter the gases to the vibrating tube. Gas mixtures were formed by flowing pure gases into T-junctions on the upstream side of the vibrating tube.
During each experimental session, three well-characterized standard gases (He, N 2 , and Ar) were used to calibrate the response of the vibrating tube. The densities of He and N 2 were calculated from the equation of state of Friend; (22) the density of Ar was obtained from the equation of state developed by Stewart and Jacobsen. (23) Pressure was measured using Precise Sensors TM model 9522 pressure transducers (0 to 103.4 MPa full range). Periodically, the transducers were calibrated with a dead-weight tester. Experimental temperature was monitored with a stainless-steelsheathed platinum RTD of resistance 100 V (Yellow Springs Instruments 
Discussion
There is considerable interest in estimating the thermodynamic properties of ternary or higher-order systems from the properties of the bounding binary subsystems. The prediction of thermodynamic properties of ternary (fluid or solid) solution phases by analytic or geometric projection from the binary sidelines is common, especially in the metallurgical and ceramic sciences. (24) (25) (26) (27) (28) (29) (30) A wide variety of empirical methods have been developed which employ a projection-vector methodology. If the analysis is performed analytically, the resulting formulation for the multicomponent mixtures is automatically consistent with the equations for the binary mixtures.
We have evaluated various symmetric and asymmetric projection methods (24, 26, 27, 31) for estimating the excess volumes of ternary mixtures from volumetric results for the binary subsystems. (7) These methods yield similar results; however, we prefer the formulation of Muggianu et al. (26) because of its mathematical simplicity. The Muggianu method is represented analytically by the relation:
where
and
Seitz et al. (26) . The ternary diagrams illustrate schematically the position of each pseudobinary join. (26) . The ternary diagrams illustrate schematically the position of each pseudobinary join. (26) . The ternary diagrams illustrate schematically the position of each pseudobinary join. (26) . The ternary diagrams illustrate schematically the position of each pseudobinary join.
W(V 1 ) and W(V 2 ) were evaluated using V E m s for binary mixtures at each (p,T ) condition.
(7) Figure 5 shows the predicted V 15 K show the largest degree of divergence from the model, which may be related to the close proximity of this (p,T ) point to the critical region of CO 2 . Analysis of the entire experimental database indicates that the root mean square of the difference between experimental and calculated values is generally less than the mean experimental uncertainty at each (p,T ) condition. Thus, we have demonstrated that, firstly, the method of Muggianu (26) accurately predicts ternary (7) and the method of Muggianu et al. (26) Ternary contours indicate mixtures of constant V E m . Plot symbols represent experimental results (7) for binary subsystems, and the curves represent two-parameter Margules functions, equation (4) 
